Abstract. The southwest Pacific Ocean covers a broad range of surface-water conditions ranging from warm, salty water in the subtropical East Australian Current to fresher, cold water in the Circumpolar Current. Using a new database ofplanktonic foraminifera assemblages (AUSMAT-F2), we demonstrate that the modem analog technique can be used to accurately reconstruct the magnitude of sea-surfacetemperature (SST) in this region. We apply this technique to data from 29 deep-sea cores along a meridional transect of the southwest Pacific Ocean to estimate the magnitude of SST cooling during the Last Glacial Maximum. We find minimal cooling in the tropics (0ø-2øC), moderate cooling in the subtropical midlatitudes (2ø-6øC), and maximum cooling to the southeast of New Zealand (6ø-10øC). The magnitude of cooling at the sea surface from the tropics to the temperate latitudes is found to generally be less than cooling at the surface of adjacent land masses. 
Introduction
The southwest Pacific Ocean, including its marginal seas, covers a broad region from the tropical Coral Sea to the subantarctic Southern Ocean (Figure 1 ). Sea-surface temperatures (SST) range from more than 28øC in the northern Coral Sea during the austral summer to less than 10øC in the southern Tasman Sea during the austral winter CLIMAP reconstructed SST using a series of multifactor transfer functions relating planktonic foraminiferal assemblages to SST [Imbrie and Kipp, 1971 ] and developed separate predictive equations for each ocean. Prell [1985] refined this approach using the modem analog technique (MAT), basing SST estimates on an extensive analog database containing many of the same core tops used in the CLIMAP equations. Applying the MAT to the original CLIMAP data, Prell [1985] derived similar tropical and subtropical cooling to CLIMAP Project Members [1981] . Anderson et al. [1989] and Thunell et al. [1994] later reinvestigated the Coral and Tasman Seas using the MAT and new cores. The minimal SST cooling in the tropics was reproduced, but Anderson et al. [1989] found that the warm anomaly drawn by CLIMAP Project Members [1981] was due to a single core that had poor stratigraphic control. . For the MAT we used the squared chord distance as the dissimilarity measure, and each estimate was the weighted mean of the best 10 analogs (Prell [1985] ; global database) or 12 analogs (AUSMAT-F2 database). When calculating the distance coefficient, subvarieties of Globigerinoides ruber, Globigerinoides sacculifer, and Globorotalia menardii were grouped together, and unidentified taxa were excluded. The taxonomy of the assemblage from each core top was adjusted for use in each transfer function and the modem analog database.
To test the applicability of using the oxygen-isotopic composition of Globigerina hulloides as a technique for estimating mean annual SST, we recalculated modem SST estimates from32 core top samples published by Weaver et al. [1997] ( Table 1 
Results and Discussion
Results from the peformance evaluation are summarized in Table 1 The duplicates differ by an average of only 0.1 ø and 0.2øC (Tomax and Tomin, respectively) when estimated with AUSMAT-F2, whereas they differ by 0.7 ø and 1.2øC (warm and cold seasons, respectively) using the Prell [1985] database, indicating the MAT using AUSMAT-F2 is somewhat more resistant to differences in taxonomy.
• In comparison to the biogeography-based techniques, we find that SST estimated using the isotopic composition of G. bulloides is systematically too cold with high error (Table 1 
Methods for LGM reconstruction

Data and Stratigraphy
This study uses the published data from 24 published cores and five unpublished records (FR1/94-GC3, E26-1, Z2108 , RC08-78, and RC13-38) to calculate LGM SST ( Table 2 ). The new faunal data used in this paper are provided in Appendix B. The sample preparation methodology used for FR1/94-GC3 and E26-1 is described by Martinez [1994] 
Sea-surface Temperature Reconstruction
On the basis of the results in sections 3 and 4, we applied the MAT to the faunal data (using the AUSMAT-F2 database to provide analogs) to determine SST for the LGM levels. 
Timing of the LGM
The age of event 2.2 was calculated to be 18.7 (+ 1.5) cal ka, excluding the date from Z2108, which is the only sample where the 15•80 maximum precedes the SST minimum (Table 3) 
Planktonic Foraminiferal Abundances
The abundances of the ten commonest species in the late Holocene and the LGM levels are shown diagrammatically in The above faunal changes are quantified into SST estimates using the MAT in Table 4 [Porter, 1975; Soons, 1979; Pillans et al., 1993] . This estimate is a minimum only, as it was also drier during the LGM in these areas [Soons, 1979] , and reconstructions based on the Kawakawa tephra are also likely to be minimum estimates, as the eruption of this tephra preceded the SST minimum by-•5 cal kyr [Pillans et al., 1993] . The magnitude of cooling at the land surface is less certain along the southern margin of New Zealand where the greatest SST cooling occurred, but Fiordland on the southwest coast of New Zealand was extensively glaciated during the LGM [Suggate, 1990] .
Some of the apparent differences in land-surface and seasurface cooling outlined above may be due to biases in the records. First, most of the biases concerning the LGM levels in the marine record act to minimize the SST amplitude. Most of the deep-sea cores used here were routinely sampled at 5-10 cm intervals, resulting in only 10-20% of the information from the core being recovered. Additionally, many have low sedimentation rates and are probably bioturbated. As a result, the sediment recording the maximum cooling may not have been sampled in all cores and the signal recovered may be integrated over a long period. On this basis, it is unsurprising that the maximum cooling is seen in the highest-resolution cores. Second, geological evidence for glaciation is usually biased toward the maximum cooling, as earlier moraines are overidden or obliterated during the maximum advance. If a maximum glacial advance at full glacial conditions was a geologically brief event, lasting several hundred years, such as the Little Ice Age during the last millenium [Broecker and Denton, 1990], then it is probable that the event was not recorded in many of our samples because of the biases outlined above. Additionally, moraine sequences are notoriously difficult to date; so some lower-elevation moraines may relate to periods not strictly equivalent to the LGM. However, the The differences in land-surface and sea-surface cooling outlined above reveal two important patterns: (1) there is a remarkably uniform depression of ELAs (800-1100 m)across a wide range of elevations and latitudes in the southwest Pacific Ocean, and (2) sea-surface cooling from the tropics to the subantarctic latitudes appears to be less than adjacent landsurface cooling. The first pattern suggests that planetary-scale forcing such as the greenhouse-gas content of the atmosphere, capable of acting over wide areas simultaneously, is responsible for most of the ELA lowering. Much of the variance in the temperature depression attributed to the change in ELA appears to be due to variablity in lapse rates as a result of different moisture contents in the atmosphere. The uniform lowering is particularly important considering the great latitudinal variability in sea-surface cooling demonstrated here, much of which is due to the shifting locations of surface currents. Although there is a tendency for the magnitude of the sea-surface cooling to be proportional to the land-surface cooling, the pattern implies some independence between the marine and terrestrial responses to global cooling. The second pattern suggests that the effect of global cooling is dampened at the 2. An age discrepancy between the age of SST minimum (20.6 ka) and the d180 maximum(18.7 ka)was found in the southwest Pacific Ocean. This indicates either that the greatest cooling preceded the maximum terrestrial storage of ice or that there was a lag mixing the 180 enrichment signal through to this area. Reconstructions based on the isotopic maximum during Stage 2 are therefore likely to underestimate the full magnitude of cooling during the LGM in this region. 3. Sea-surface temperatures across the southwest Pacific Ocean during the LGM were reconstructed using the modern analog technique in conjunction with the AUSMAT-F2 database. Minimal cooling was found in the tropics (0ø-2øC) but substantial cooling was found in the subtropical midlatitudes (3ø-6øC). The greatest cooling was recorded in the subantarctic southeast of New Zealand (6 ø-10øC). The magnitude of cooling was found to decrease toward the equator with a maximumdisplacement of isotherms 15 ø equatorward southeast of New Zealand, 30-8 ø equatorward at the Subtropical Front, and 5 ø equatorward at the Tasman Front. The full magnitude of cooling across much of the region, particularly the low latitudes, is still uncertain because of the low temporal resolution of many existing records. 4. The degree of cooling across the southwest Pacific Ocean was found to be generally less than that experienced on adjacent land masses, a phenomenon not exclusive to the tropics. This indicates that controls on surface cooling between land and sea during the LGM may have been sufficiently independent that similar magnitudes of cooling between the two environments are not to be expected.
